Background/Objectives: In selecting a dietary assessment method, several aspects such as the aim of the study and the characteristics of the target population should be taken into account. In elderly people, diminished functionality and cognitive decline may hamper dietary assessment and require tailored approaches to assess dietary intake. The objective of this paper is to summarize our experience in dietary assessment in a number of different studies in population groups over 65 years of age in the Netherlands, and to discuss this experience in the perspective of other nutrition surveys in the elderly. Methods: In longitudinal studies, we applied a modified dietary history; in clinical nursing home studies, trained staff observed and recorded food consumption; and in a controlled trial in healthy elderly men, we used a food frequency questionnaire (FFQ). Results: For all methods applied in the community-dwelling elderly people, validation studies showed a similar underestimation of intake of 10-15% compared with the reference value. In the care-depending elderly, the underestimation was less: 5% according to an observational method. The methods varied widely in the resources required, including burden to the participants, field staff and finances. Conclusions: For effective dietary assessment in older adults, the major challenge will be to distinguish between those elderly who are able to respond correctly to the less intensive methods, such as 24-h recalls or FFQ, and those who are not able to respond to these methods and require adapted techniques, for example, observational records.
Introduction
Elderly people may suffer from many health problems due to chronic diseases that are often related to nutritional intake (Dwyer, 2006) . In addition, several changes occur during ageing, which directly or indirectly influence consumption in the elderly. For example, the ability to smell and taste may diminish, or living conditions may change. A better understanding of the changes in intake of elderly people and the relationship with chronic diseases is important to prevent these diseases by nutritional interventions. For this purpose, accurate assessment of intake is key.
Several methods are available to assess dietary intake, and each has specific characteristics. For studies in healthy people, food records may be used to assess current intake as compared with 24-h recalls, food frequency questionnaires (FFQ) or dietary history method for assessing past intake. For studies in disabled older adults or studies focusing on specific nutrients or other specific purposes, an observed record method, picture sort method or biomarkers may be the first choice (van Staveren and Ocké, 2006) .
To choose an appropriate dietary assessment method, several aspects have to be taken into consideration (van Staveren et al., 1994) . Studies have different purposes requiring the assessment of dietary intake on the individual or group level: studying nutrients, foods or dietary patterns; or investigating associations with the outcome of disease or the adequacy of intake. The best method for the purpose of the study offers the required level of detail about foods or nutrients as well as the appropriate reference period. It is also suitable for the target population, and requires the least resources with regard to time and burden to participants, staff and finances.
For the elderly, some additional considerations may play a role in the choice of method. It is difficult to choose one best method for the elderly, because the population is a very heterogeneous group, ranging from the over sixties to centenarians, and from healthy, physically active and independently living people to those who are fully dependent on care. Thus, both mental and physical impairments may call for specific adaptations to dietary assessment methods.
In the past decades, the Department of Human Nutrition of Wageningen University initiated or became involved in a number of nutritional studies in elderly people over 65 years of age. These studies included epidemiological studies, controlled trials, and nursing home studies. This paper summarizes our experience gained in dietary assessment in elderly people over 65 years of age, which was conducted in order to frame recommendations for valid and efficient studies in different health categories of this population.
Assessment in community-dwelling populations SENECA, FINE and HALE studies: the dietary history method One of the major objectives of the SENECA study was to investigate the variation in dietary patterns of elderly people across Europe de Groot and van Staveren, 2000) . Information on usual dietary intake of the past month was collected both cross-sectionally and longitudinally during a 10-year follow-up period using a modified diet history method. This method consisted of a combination of an estimated 3-day food record and a mealbased list of foods to check the usual consumption of the earlier month. Portion sizes were based on standard portion sizes or were checked by weighing. A 3-day estimated food record was included to make participants conscious of their food intake (see Table 1 ).
The FINE study was an elderly study in survivors of five cohorts of the Seven Countries Study. In the FINE study, a dietary history method was also used, but it covered only the previous 2-4 weeks. Another difference was that the inquiry about usual food patterns was on the basis of an oral interview and not on 3-day food records. Accepting these minor differences, the data of SENECA and the FINE study were merged and were used for further analysis, including dietary patterns in the HALE study (Knoops et al., 2006) .
In a validation study, the modified dietary history method as applied in the SENECA study showed acceptable agreement with a 3-day weighed food record in 82 participants in seven centers (Nes et al., 1991) , although the data from the dietary history resulted in consistently higher intakes than that from the weighed food record. The differences ranged from 1% (cholesterol) to 28% (mono-and disaccharides) with a median difference of 14% for energy. Pearson's correlation coefficients varied from nearly 0.5 to 0.8 with a lower value for vitamin A; correlations for most nutrients were considered acceptable for ranking intake of individuals. Experiences from this validation study indicated that the weighed record might not be a good reference method for older adults. Therefore, the dietary history was also validated against whole body indirect calorimetry in 12 elderly women. In this study, underreporting appeared to be 12%, similar to the dietary history (see Table 2 ; Visser et al., 1995; van Staveren et al., 2002) . Validation of the method against urinary nitrogen showed that protein intake was underestimated by 10%. The extent of underestimation was not related to body weight or body fat but to the level of intake, showing that women with a low intake underreported more. Information from the dietary history method was also used for investigating the relationship of Mediterranean food patterns with morbidity and mortality in the HALE study (Knoops et al., 2004) . To apply Mediterranean diet scores, individual food items were combined into food groups using the European classification system, Eurocode (Knoops et al., 2006) . The composition of the scores appeared to be successful because three different applications of the Mediterranean diet scores were predictive of beneficial health outcomes, such as survival.
We concluded that the modified dietary history applied in the SENECA, FINE and HALE studies appeared to give reliable results in describing the variety in dietary patterns among participating centers and in identifying dietary factors predicting health and survival.
Assessment in controlled studies: the food frequency questionnaire The FFQ is a popular method of dietary assessment because it is easy to apply and is relatively cheap. We regularly develop new FFQs in a systematic way for different study purposes and age groups (Feunekes et al., 1993; Molag et al., 2007; Verkleij-Hagoort et al., 2007) . Foods to be included in the food list of the questionnaire are selected on the basis of their contribution to the absolute intake of the nutrient of interest of the specific age group in the Dutch National Food Consumption Survey. For the Alpha-Omega trial, an intervention study investigating the effect of n-3 fatty acids on cardiovascular disease (http://www.clinicaltrials.gov/ct2/ show/NCT00139464), we used this approach to develop a food list for an FFQ to be applied in an elderly population aged 65-80 years. The selected foods for the food list were similar to those identified for younger adults, indicating that the food list of the FFQs did not need to be adapted for an elderly population.
This was confirmed in a recent controlled feeding trial in apparently healthy men. Just before the trial, we asked the men to fill out an FFQ that was developed for a younger adult population to assess their energy level. We compared the results of the reported energy intake by the FFQ with the energy needs for weight maintenance during the trial. Seventeen elderly male participants with a mean age of 76 years and a body mass index of 24.5 kg/m 2 reported on average 87% of their energy needs (see Table 2 ). The correlation coefficient between reported intake by the FFQ and energy needs during the trial was 0.67 (P ¼ 0.003). Body mass index was negatively associated with the difference between reported energy intake and energy needs (R ¼ À0.45). Thus, this validation study shows that applying an FFQ to assess the consumption of healthy elderly men might be a good choice.
Care-dependent elderly

Observation of intake
In several studies in the institutionalized elderly (Manders et al., 2006; Nijs et al., 2006a, b) , including the elderly living in long-term care facilities, trained dietitians used an observation and direct measurement method. We chose this method because older residents in these homes often suffer from cognitive decline, which make FFQs, 24-h recalls or other methods relying on memory, less reliable (van Staveren et al., 1994) . In these studies, the observational method was applied to investigate the effect of family-style meals on energy intake and to determine the risk of malnutrition in Dutch nursing home residents with a mean age of 77 years, often with cognitive decline but without severe dementia. On average, three trained observers per ward recorded the food and beverage intake of 25 residents during a whole day (Nijs et al., 2006a, b) . For the cooked meal, individual menus and recipes were obtained from the kitchen staff. Food consumption of the cooked meal was registered by keeping records of foods and portion sizes served; after the meal, leftovers were weighed and the amount subtracted from the standard portion size. The intake of other meals during the day was observed and recorded in terms of household measures and standard portion sizes. All foods and beverages consumed outside regular mealtimes were also carefully observed. During the night, nurses noted down snacks or beverages consumed. The content of dietary equipment in the wards, such as glasses and spoons, and portion sizes of recipes and meals, were measured thrice. The mean was used as a standard portion. We did not measure on weekends because we expected that the diets of the elderly during these days would be very similar to those during weekdays.
Using the observed record method, very low daily energy intakes varying from 5.5 to 6.2 MJ were observed in these institutionalized elderly (Nijs et al., 2006a, b) . The low reports might be due to underreporting, but in a validation study this method showed only 5% underestimation of energy intake, (de Jong and Secreve, 1999) because energy expenditure also appeared to be very low in this group. Thus, although an observational record is very burdensome and time-consuming, this method proved its usefulness by showing energy and nutrient deficiencies in the institutionalized elderly.
Discussion
We assessed dietary intake in several studies with varying aims and in different elderly population groups. The applied dietary assessment methods appeared to give reliable results for the different objectives of these studies. For example, the dietary history method in the SENECA study showed an underestimation of energy intake (12%) in elderly women, similar to the underestimation in younger age groups and similar to the underestimation of 13% by the FFQ in healthy elderly men participating in a controlled feeding study. The observed records in the nursing home studies showed an underestimation of intake of 5%, indicating greater validity than the above methods in a healthier group.
In the community-dwelling populations, we used a modified dietary history method, in which attention was given to the meal pattern either by using 3-day food records or through direct questioning by the interviewer. The advantage of this approach is that it helps the participant to recall his or her dietary intake. The dietary history method gave higher estimates than did a weighed dietary food record. Other studies in the elderly also showed that mealbased approaches based on the dietary history method yielded higher estimates of intake than did other methods. (Black et al., 2000; Quandt et al., 2007) . On the other hand, the dietary history method still underestimated intake when compared with indirect calorimetry. Thus, although the method has many advantages, low energy reporting was still evident. A dietary history method is not an easy method to apply. It requires well-trained interviewers and a large effort for both interviewers and respondents. In a longitudinal design, cognitive decline is expected to occur in the target population, and therefore a dietary history combined with a record at baseline might be a good choice.
An FFQ is much easier to apply than a dietary history, but like 24-h recalls, it is often not used in elderly people because it relies on memory (van Staveren et al., 1994) . On the other hand, no strong evidence exists that elderly people provide less valid self-reports using these methods compared with younger populations. Specific problems when using this method have not been reported by researchers (Biro et al., 2002) . Our validation study of an FFQ in elderly men showed that this method might be applicable among healthy agers whose memory skills are still intact. Our study also indicated that the food list of the FFQ could be the same as for younger adults. Using the same list is an advantage if intakes of different age groups within one population have to be compared.
The results of this validation study may not be generalized to other populations. It was performed in a small number of well-motivated men having a Dutch eating pattern. Moreover, they were, in the main, highly educated and not obese. These factors may have contributed to the small differences found between the FFQ and the reference method applied. Other studies showed, for instance, that men are more likely to provide relatively lower reports on an FFQ than women .
For community-dwelling populations, the use of other dietary assessment methods than dietary histories or FFQs may also be considered. For example, 24-h recalls could be useful in studies monitoring intake of populations (Brussaard et al., 2002) . In general, it is thought that 24-h recalls show less underreporting than do FFQs (Subar et al., 2003) , although the results are not consistent . According to a validation study in the EPIC (European Prospective Investigation into Cancer and Nutrition) study, using two 24-h recalls and comparing them with cutoff limits according to Goldberg, older people were less likely to underestimate energy intake than younger people (Ferrari et al., 2002) . On the other hand, it has also been reported that elderly people omit foods by 24-h recalls because of social desirability or memory problems. Underpinning these methods with pictures or the picture sort method (Kumanyika et al., 1997) may improve the quality of the data. It would be worthwhile to investigate whether, in monitoring studies, 24-h recalls could provide accurate information on dietary intake of the healthy elderly population because of the potential to compare results with younger populations.
In the institutionalized elderly, an observation and direct measuring method appeared to be a useful but timeconsuming and expensive method. If one is not certain about the abilities of the population of interest, the observation records seem to be a safe choice especially in the care-dependent elderly. However, in clinical daily practice, it will be impossible to apply such an intensive method for all residents.
For some specific purposes, other methods may be more practical. If the interest is only energy needs, cheaper and simpler methods such as the Harris-Benedict prediction formula in combination with an estimate for physical activity could be chosen. Some studies (Bardoel et al., 2001) , Gaillard et al., 2007) showed that the Harris-Benedict equations can accurately predict resting energy expenditure, adjusted for difference in body weight and fat-free mass of both the successful ageing adult and the older adult with physical impairments. For assessing dehydration, frequently weighing elderly people is a simple but best practice method to monitor changes in water balance. In older residents suffering from edema, this method is however not valid (Schols et al., in press ). To assess the exposure to salt or vitamins, such as vitamin D, the use of biological markers in blood or urine could be considered. Finally, screening tools to identify residents at risk for malnutrition may be more efficient than a method by self-report, but as it is beyond the scope of this article, these tools are not discussed further.
In future studies, it will be important to obtain a good picture of the nutritional situation of the elderly population as poor intakes are associated with increased risk of poor health, including functional decline. On the other hand, these functional impairments, including mental and physical performance, make it more difficult to get accurate nutritional information from them. Therefore, it is very important that the choice of dietary assessment method should take into account cognitive skills and other characteristics of the elderly population. Memory may already start declining after the age of 50 years (Draaisma, 2008; Gauthier et al., 2006) . This means that in an apparently healthy population, the individual elderly might not be able to give good estimates of intake.
It is suggested that the elderly have more problems with short-term recalls than with long-term recalls, and more with open-ended recalls than with structured recalls using a fixed list with names (Draaisma, 2008) . Thus, recalling habitual intake by FFQ using a predefined food list, if necessary underpinned with pictures in which the elderly can recognize the foods they consume, might supply more reliable data than by recalling the current intake of the past 24 h, which relies on their very short-term memory. However, until now, this hypothesis has not been tested in nutrition research. A final challenge is to deal with the decline of functionality.
Conclusion
When assessing diets in the elderly, various approaches must be considered in the light of the population's characteristics and abilities. In the healthy elderly, it may not be a problem to use dietary recalls or FFQ, whereas in the infirm elderly, observed records and different measures for nutritional status should be considered. However, the problem is that we are often not able to recognize whether cognitive and other functional skills (vision, hearing, ability to write) of the elderly are sufficient to recall or record their intake. For this, additional research on the relationship between functionality (cognition and other functions) and accurate reporting is urgently needed.
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